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T h i s  r e p o r t  d e t a i l s  work performed unde'r t h i s  grant  in  the p e r i o d  
b 

January 1, 1962 to  December 31,  1962. A i t h o q n  c o s t  of the research 
areas remain a c t i v e  under a l t e r n a t e  s q p o r t ,  each face t  of these programs 
i 3  presented w i t h  an aspect o f  co~~lotcness fo r  the  purposes o f  t h i s  
repor t .  I t  w i l l  be obvious t h a t  the na ture  of the r r s j c r i t y  of these 
r t u d f c s  will necess i ta te  v igorous p u r s u i t  i n  con t inu ing  programs over  the. 

. 

next th ree  t o  f i v e  years. 

a. ChirnFanzce Proqram. 

A s te reo tax i c  a t l a s  of the chimpanzee's b r a i n  has ncw Dc.:.n corp ic ted,  
and i s  i n  the hands of  the  publ ishers.  T h i s  a t l a s  w i l l  a l low ? l e  routine ,, 

piccement o f  sur face and deep b r a i n  record ing  probes f n  aqy d - r i r c d  
req ion  of  the i m t u r e  chimpanzee's bra in .  The a t l a s  i s  l a r s  ' the 
wo;k of  Dr. 
sec t ionn ing  
of  s t a i n i n g  
i n  a series 
made on the  
forthcoming 

H. R. DeLucchi, and has Invo lved extens ive histolz;.cal 
of these b ra ins  I n  a v a r i e t y  o f  planes, a n d  w i t h  a . , e t i e t y  
techniques. The accuracy of the k t l a s  has been confirmed 
of  th ree  animals i n  uhich s te reo tax i c  piace-ents have been 
bas is  o f  the pre l i rn fnory a t l a s .  i t  i s  coqsidered t h a t  the 
p u b l i c a t i o n  w i l l  p rov ide  a h i g h l y  use fu l  tool for  the - 

inc reas ing  number of  phys io log ica l  and psychologica l  s tud ies  now i n  
progress on the chimpanzee. 
by the U n i v e r s i t y  of Co l i f o rn ia 'P re rs ,  and i t  i s  a n t i c i p a t e d  t h a t  the  
volume w l l l  appear i n  approximately n ine  months. 

PUbl1C8tiOr~ o f  the a t l a s  has been undertaken 

Huch e f f o r t  has been expended i n  tthe correlatioa o f  ~~r'~:e and 
deep b r a i n  electroencephalographic records i n  the I i s i s r , t . - a  c$-*.r-ganzet 
w i t h  s ta tes  of sleep, fa t igue,  wakefulncss, a l e r t i n g  ar;d c.-o?tmal 
arousal. 
sleep s ta tes  in these animals, w i t h  c q a r i s o n  of s u r f a c e  and  deep 
r s o r d s  w i t h  those f rom s i m i l a r  deep e lec t rode  p l e c m n t s  i n  man. T h i s  
s tudy  appears to m a t e r i a l l y  enhance the v a i w  of  the EEG as a p o t e n t i a l  
monitor of behavior81 s ta tes  of man and the chimpanzee i n  the space 
environment. Work corcpleted by December 31, 1962 has been prepared for 
p u b l i c a t i o n  by O r .  J. 5.  Rhodes and i s  naw i n  press, 

P b r t i c u l r r  a t t e n t i o n  has been d i r e c t e d  t o  t h e  evatuarion of 

r v i o r a l  t r a i n i n g  of the chimpanzees In a v a r i e t y  o f  t e s t  perform- 
s i n i t i a t e d  under t h i s  program, and i s ,  i n  f a c t ,  s t i l l  being 
i y  pursued under a l t e r n a t e  s,upport. These task  performances are  6 

i e d  by EEC recording, and the s i g n i f i c a n c e  o f  these st imulteneous 
0 records i n  evaIua t ion .o f  behaviora l  s te tes  i s  n w  under review. 

Studies of c e n t r l f u g a l  and v i b r a t i o n a l  s t resses on b r a i n  
e l e c t r i c a l  a c t i v i t y  and c o o c m i t a n t  behav io ra l  pc r fo rm~nce .  

ordr ftm deep bra in  s t ruc tu res  d u r l n g  c e n t r i f u g i n g  on the h w n  
b 
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centrifuge facility at the University of Southern California were 
performed in various planes, including tfiose producing depletion of 
the cerebral circulation and associated unconsciousness. It was found 
that at the onset of cerebral anoxia, and durlng the period of rcestab- 
lishment of the cerebral circulation, there was a high incidence of 
electrical seizure discharge, associated with frank epileptiform 
convulslons in some cases. These seizurc discharges were.inItiated 
In deep structures of the temporal lobe and spread progressively to 
diencephalic structures, and thence to cortical areas. 

Extensive examination of the effecis of vibration over a spectrum 
of frequencies fro- 5 to 40 cycles per second indicated a "driving" 
of brain wave rhythms in the monkey, particularly in the r m g c  1 1  to I5 
cycles per second. 
that this driving at the shaking frequency was abolishcd or essentially 
eliminated by barbiturate anesthesia and disappeared after death. 
i s  thus suggested that the phenomenon is a true physiological event, 
not related to electromechanical artifacts in the recording or electrode 
systems, nor does it arlse fro- photic stimulation, since the intra- 
cerebral distribution of the  evokcd trains during shaking is different 
from that in photic stimulation, and the phcamenon persists during 
shaklng of the blindfolded animal. 
published in extenso, Including evidence of defective behavioral task 
performance during periods of brain wave rhythmic driving, but wlthout 
effects during shaking not sssociated with distorted brain wave rhythm 
patterns. It appears from these studies that tho essential receptors 
may not necessarily be those in the inner ear mechanisms, but may 
involve thoraco-abdominal mechanoreceptors. 

Peak accelerations of 26 wcre used. It was found 

It 
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These studies have recently been 

c. Studies in monkeys of brain brave patterns durinq exposure to 
cosmis rays at hiqh altitudes. 

A series of ten monkeys were implanted with cortical screw electrodes 
at Armed Forces institute of Pathology, Washiagton, D.C. in bchoif of 
M S A  Ames Research Center, preparatory to a series of balloon flights 
planned from Goose Bay, Labrador in July 1962. A series of 32 EEG 
recording amplifiers were designed and constructed in miniaturized 
modules for  these flights in the short span of 6 weeks. 
seven of the ten animals were lost prior to flight through concomitant 
cardiovascular surgical procedures performed by others; 

Unfortunateiy, 

Despite the limited data yield from these flights, an earnest aeternpt 
has been made to evaluate the available records for evidence of sudden 
or slow changes which might be attributable to irradiation. 
laboratory has already extensively investigated threshold phenomena in 
braln electrical activity following acutely on irradiation. 
unable to discern any pathological changes in the records from two 
anirnals exposed to cosmic rays at 100,000 feet for 24 hours. 
do give, however, a valuable baseline fo r  estinitions of general behavioral 

This 

tle have been 

The records 
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states in these animals throughout the period of recording, including 
drowsiness, sleep, wakefulness and extrc,?ie alertness. 

d. Developncnt of EEG m:~:ifiers for nznned space fliqht. 

Much evidence has accanulstcd indimzing the dcsirabi 1 i ty of 
monitoring central nervoLjs functions in m a  EIS directly as possible, 
a n d  on a continuing and non-interfercnce bi j s i s ,  in the space cnviron- 
ment. 
rnicracninisture EEG amplifiers, suitable either for adhesive fixation to 
the scalp as an integrated electrode-amplifier, or for insertion into 
the helmet-liner a d  connection t o  the scalp with a short input lead. 

Work undertaken under this grant bas resulted in a series of 

The latter technique has been developed to a virtually ccG?lett EEG 
sensing and snplifying system incorporatcd within the astroncrct he1;llc.t. 
This system has teen developed t o  thc point of providing satlsfactory 
EES recordings over nsily f-,oars on thc bzsis of spocgc contact with t h e  
scalp, and without any adhesive contact  or skin zbrasioil. This ncthod 
hzs Involved elimination of contact potentis1 between t h e  ncta11Ic 
electrode surface and the electrode paste or sweating scalp. 
a half-cell system of semi permeable nmbrsncs to achieve zero contact 
potential. In consequcnce, there are  minimi problcxis Pro2 s: iding 
contact between the scalp and sponge electrodes integral w i t h  the 
helmet-liner, and minimal artifacts as the subject moves h i s  hcad i m i d e  
the helmet. 
no defects f r m  scalp sweating, an inevitable concomitant of certairi 
perfods of capsule flight. 

*, 

it uses 

This novel system also has zhe unique advantase of suffering I ' . 

This s y s t e m  i s  currently being evaluated in jet fighter pilots 
under flight condit:ons, and in freev:;ly drivcrs. 
alternate su7port to permit satisfactory ccjxpletion of an apparently 
important devc 1 opn~,.n t . 

It Is hoped eo secure 

e. kutoratic reduction and corr!i;uter analysis o f  EEG data. 

The value of the EEG as a monitor of behavioral states czn be 
ecormously enhanced by the use of conputer analyses, includirq auto- and 
cross-correlation techniques, and auto- and cross-spectral analyses, with 
calculations of complex transfer functioris on a stochastic b a s i s .  These 
technlqucs have been substantially pioneered in this laboratory in their 
application to EEG data. These studies have disclosed subtle changes in 
brain wave patterns relating to corrcctncss or incorrectness of decision 
making processes, as well ss clearly delineating broad changcs in spectral 
characteristics associated w l t h  sleep, wakefulness, fatigue, and directed 
attention. 

There studies appear to have both fundamental and appl ied  s i g n i f i -  
On the one hand they have permitted the consideration of funde- cance. 

mentally new ways in whlch information is handled and stored i n  brain 
systems, involving consideration of slow electrical brain wave processes 
as the basis of information transaction and storage, with random or 
probabilistic modes of operation within rclatively. large domains of . 

i , 
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c o r t i c a l  tissue. E)n t h e  other  hand, these s t u d i e s  have providcd  a 
b a s e l i n e  of s n a l y t i c  proccduras  ;ad data well suited to t h e  e v a l u a t i o n  
of EEG r e c o r d s  f roa nan I n  ti:, vzricc '  c s n d i t f o n s  OP s p x c  f l i g h t .  they 
have e x e q l i f i e d  the r e i i a b i i i t y  of ccr;'.putcd cri tcr:a i n  zvaluztIon ctf 
EEG d a t a ,  and its u s e f u l n e s s  as  a monitor of  psychophys io logica l  states. 

c. 

These s t u d i e s  have Cecn pa-forr?.cd i n  p a r t  i n  t h e  Data P r o c e s s i n g  
L a 5 o r a t o r y  of the Space Ciolosy Laboratory,  wliich hss been equipped w i t h  
a CDC-1GOA g e n e r a l  purpcj~e cor.?uter and analog-digital ccir.version 
f a c i l i t i e s .  
CXI t h e  1"LM 7099 c o n p u t e r  ai: the Carqus'Computing f a c i l i t y .  
I i s h n e n t  and nsiniefisnce of t h e  Data P r o c e s s i n g  Labora tory  r e s u l t e d  
p a r t l y  froin t h i s  gref i t ,  a n t  ccn; inuins  s u 7 p o r t  for  1363 hss  b c m  
provided from o t h e r  I X S A  souices. 
of t h i s  l a 5 o r a t o r y  i n  t h e  develcpincnt of b r a i n  wave noni tc j r iag  i n  
m n n e d  spsce f l i g r h t  rikes cont inued  c3ui;port of such  s c t l v i t i c s  of  
s i n g u ? a r  i q o r t a n c e .  

kddit ioi lal  more ccq lex  c o n p u t a t i o n s  have been p e r f o r r i d  
The  estab- 

I t  i s  s u k n i t t e d  t h a t  tkc v i t a l  r o l e  

,, 
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